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INTRODUCTION AND OBJECTIVES
More acreage in the southeastern United States is better adapted for
grassland farming than for row cropping. Competition between man and
animals for protein and energy could be lessened by increased production
and utilization of forage by ruminants. Ruminants have the unique ability
to obtain a major portion of their nutritional needs from forages, converting
them into high quality nutrients for human consumption.
It has been demonstrated that meat-type ruminants perform satisfactorily
on a forage diet supplemented only with minerals. Ruminants used for milk
production can utilize forages to obtain one-half or more of their total
nutritional needs.
Bahiagrass, Paspalum notatum Flugge, a warm-season perennial grass,
is utilized extensively in the southeastern United States for beef and milk
production. This grass, when properly fertilized and managed, provides up
to 6 months of grazing and is one of the main sources for hay.
An experiment was conducted with various levels and ratios of nitrogen,
phosphorus, and potassium applied to 'Pensacola' bahiagrass. The objec-
tives of this study were:
(1) To characterize forage yield and nutrient content throughout the
growing season.
(2) To characterize relative forage quality throughout the growing sea-
son.
(3) To evaluate changes in soil analysis values in response to treat-
ments.
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REVIEW OF LITERATURE
Allen, et al. (1
)
7
reported that in 1970 forages comprised 54 percent of
the energy consumed by all farm livestock in the United States. Of the total
energy ingested, hay provided 12 percent, other harvested forage 6 per-
cent, and pasture 36 percent. Each forage-consuming animal unit required
1.2 tons per year hay equivalent. Pasture supplied a greater proportion of
the dietary energy than any other feed for non-milking dairy cattle (46
percent) and non-fattening beef cattle (72 percent). Forage of all sources
supplied 62 percent of the dietary energy to lactating cows, 81 percent to
other dairy cattle, and 91 percent to all beef cattle not on fattening rations.
Bahiagrass, native to South America, was first introduced into the
United States in 1913 by the Florida Agricultural Experiment Station (10).
Ward and Watson (13 ) summarized some of the more important aspects
and related research findings of bahiagrass as a forage crop. It is a deep
rooted warm-season perennial with exposed rhizomes that forms a dense
sod. Bahiagrass is a popular pasture grass in the South because: (a) it
tolerates a wider range of soil conditions than does bermudagrass, Cynodon
dactylon (L.) Pers., or dallisgrass, Paspalum dilatatum Poir.; (b) it is
resistant to encroachment of weeds; (c) it is established by seed; (d) it is
relatively free from damaging insects and diseases; (e) it produces moder-
ate yields on soils of low fertility; and (f) it withstands close grazing. They
also stated that beef gains on bahiagrass were intermediate to gains on
common and 'Coastal' bermudagrass. Bahiagrass pasture or hay is not
satisfactory as the sole source of feed for high-producing dairy cows.
Forage quality is highest in early spring, but by mid-summer the percentage
of cell wall constituents (CWC) is sufficiently high to suggest that animal
intake would be limited.
Allen (2) reported that yields of 'Pensacola' bahiagrass and common
bermudagrass were similar, but both were lower than that of three hybrid
bermudagrasses. when all were managed similarly. Leaf content of the
forage was higher in 'Pensacola' than in the bermudagrasses. 'Pensacola'
bahiagrass and 'Coastcross 1' bermudagrass were higher in digestibility
than were the other grasses as measured by in vitro (12 ), nylon bag in vivo
(8), and animal feeding trials.
Brouwer (5) stated that the Ca: P ratio is of considerable importance in
the diet of ruminants and that a disease resembling rickets develops if this
ratio is too high or too low. Ratios of K:Na, K:Ca, Na:Ca, Mg:P, Ca:Mg,
and probably others are important in animal nutrition and health. An
important point of consideration is that a change in the ratio of any two
elements cannot occur alone without affecting other ratios.
National Research Council (9) data indicate that the following ranges in
mineral content (on a dry matter basis) are considered adequate in a forage
7
Italic numbers in parentheses refer to Literature Cited, page 31.
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diet for a beef cow with a calf at her side: 2.5 to 3.0 percent nitrogen. 0.26
to 0.32 percent phosphorus, 1.8 to 2.1 percent potassium, 0.22 to 0.25
percent calcium, and 0.16 to 0.20 percent magnesium.
Garmans et al. (7) summarized from available data the approximate
pounds per acre of nutrients contained in some forage crops. For example,
'Coastal' bermudagrass, with a yield of eight tons per acre, removed the
following amounts of nutrients: 300 pounds of nitrogen, 70 pounds of
phosphorus (P2O5), 270 pounds of potassium (K2O), 59 pounds of cal-
cium, 24 pounds of magnesium, and 35 pounds of sulfur.
Allen et al. (3 ) reported an approximate 1.5 percentage unit increase in
the crude protein content of an oat-ryegrass mixture with each 100-pound
increase of applied nitrogen. The potassium concentration was higher in
the unfertilized forage than in forage that received 100 pounds of K2O per
acre. Applications of K2O suppressed the calcium and magnesium con-
centrations in the forage. Applications of fertilizer did not appreciably
affect the in vitro dry matter digestibility of the forage.
EXPERIMENTAL PROCEDURE
The experiment was conducted on a Lexington silt loam soil at the
Southeast Louisiana Dairy and Pasture Experiment Station, Franklinton.
Tensacola' bahiagrass was established in 1966. Three tons of dolomitic
limestone per acre were incorporated into the soil prior to seeding of the
experimental area. Chemical analysis values of soil samples taken to a
6-inch depth prior to sod establishment were as follows, in extractable parts
per million: phosphorus—34, potassium— 100, calcium—227,
magnesium— 145, and the soil reaction was pH 5.6.
The experimental design was a randomized complete block with four
replications. Three levels of nitrogen (200, 300, and 400 pounds per acre),
phosphorus (100, 200, and 300 pounds per acre expressed as P2O5), and
potassium (100, 200, and 300 pounds per acre expressed as K2O) were
applied annually in a factorial arrangement of treatments. For base line
information, nine additional treatments were included in which one or
more of the plant nutrients was not applied. Treatments were imposed and
data were collected from 1967 through 1971. The 36 treatments are
summarized as follows:
Pounds plant nutrients
per acre applied annually
N P2O5 K2O
200 100 100
300 X 200 X 200
400 300 300
0 0 0
200 0 0
0 200 0
0 0 200
200 200 0
200 0 200
0 200 200
300 0 0
400 0 0
The sources of fertilizer material used were ammonium nitrate (33.5
percent N), triple superphosphate (46 percent P2O5), and muriate of potash
(62 percent K2O). All of the P2O5 and K2O and one-half of the N of the
respective treatments were applied broadcast in late March each year. Of
the remaining N, one-half was applied in mid-June and one-half in mid-
August.
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The overall plot size was 10' x 21', the fertilized area was 8' x 20', and
the harvested area was 4' x 16'.
A 5-week harvest interval was used the first season, and a 3-week
harvest interval was used for the remaining four seasons. Forage was
clipped to a 3 -inch stubble height at each harvest with a sickle-bar mower.
Green weights were recorded, and samples of the forage were dried in a
forced-air, thermostatically controlled dryer. Drying temperature did not
exceed 135° F. Dried forage samples were ground in a Wiley mill with a
1-mm screen for laboratory determinations.
Determinations of crude protein, P, K, Ca, and Mg of the forage were
made according to A.O.A.C. procedures (4). Cell wall constituents, acid
detergent fiber, and in vitro digestible dry matter were determined by the
Van Soest procedure (12 ). The in vitro digestible dry matter procedure was
modified by adding glucose and urea to the buffer solution. All data relative
to the forage are reported on a dry matter basis.
Soil samples were taken from all plots annually in early March. Sampl-
ing depth was 6 inches. The analytical methods and procedures used to
determine extractable elements and soil reaction are described in Louisiana
Agricultural Experiment Station Bulletin No. 632 (6).
Statistical analyses of the data were conducted according to Snedecor
and Cochran (11 ). The yield data from all years were pooled over replica-
tions, and an analysis of variance was conducted for each variable, using
years as replications. An analysis of variance was conducted for the 3 x 3 x
3 factorial arrangement of treatments and for all 36 treatments. All data
were recorded by clipping date. A stepwise regression analysis of each
variable on clipping date, recorded as number of days from the base date of
April 1, was conducted where the linear, quadratic, cubic, and quartic
terms for clipping date were evaluated. Regression analyses were con-
ducted for each level of N, P, and K in the factorial arrangement, for
specific combinations of N, P, and K, and for the control treatment (no
fertilizer applied).
RESULTS AND DISCUSSION
Forage Yield
Average total yield of dry forage in response to combinations of applied
nitrogen (N), phosphorus (P2O5), and potassium (K2O) are reported in
Table 1.
An increase of applied N from 200 to 300 pounds per acre increased the
average yield of forage by 2,106 pounds. The yield increase was 1,173
pounds as N was increased from 300 to 400 pounds per acre. As N rates
were increased from 200 to 400 pounds, pounds of forage yield per pound
of added N declined from 21 to 11.7.
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Table 1.—Mean effects of applied N, P2O5, and K2O on the dry forage yield of
Pensacola bahiagrass, 5-year average
N
lbs/a
P2O5, lbs/a
100 200 300 Avg.
200
300
400
10,590 al
12,736 bl
13,692 cl
10,664 a2
' 1 O TOO LO12,722 b2
14,081 c2
10,820 a3
1 O OOO LO
1 lyii bo
14,138 c2
10,691 a
12,797 b
13,970 c
P2O5
lbs/a
K2O, lbs/a
100 200 300 Avg.
100
200
300
11,916 al
12,066 bl
12,019 bl
12,327 a2
1 O CO A LO12,524 b2
12,814 c2
12,775 a3
1 O O ~7~7 LO12,877 bo
13,057 c3
12,339 a
12,489 b
12,630 c
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
10,381 al
10,819 bl
10,873 bl
- - - Forage, lbs/a - -
12,539 a2
12,775 b2
13,176 c2
13,181 a3
14,071 b3
14,660 c3
12,001 a
12,555 b
12,903 c
Means with same letter within columns or same number within rows do not differ significantly at P < .05.
Within levels of applied P2O5 and K2O, forage yield increased signific-
antly with increased levels of N.
Increases in forage yield from increased levels ofP2O5 were numerically
small but statistically significant. Additional P2O5 above 100 pounds per
acre accounted for increases of only 1 50 and 29 1 pounds of forage per acre.
There was a linear yield increase of approximately 500 pounds of forage
with each increase in applied K2O above the 100-pound rate.
From a forage yield standpoint, within 200- and 300-pound N rates,
yield response to more than 100 pounds per acre each of applied P2O5 and
K2O would not be justified economically. With 400 pounds of applied N,
100 pounds ofP2O5 and 200 pounds ofK2O were more practical than were
the higher rates.
Forage yields from treatments that had one or more of the major plant
nutrients omitted are shown in Table 2. The absence of applied N had the
most profound effect of any one of the three nutrients on lowering yield.
Comparison of yield values in Tables 1 and 2 indicates the need for
application of a complete fertilizer for improved forage production. Appli-
cation of 200 pounds ofN alone resulted in about 2,000 pounds less forage
than when 200 pounds of N with P2O5 and K2O were applied.
Differences in average yield of all treatments among years were due
mainly to amount and distribution of rainfall within the respective seasons.
For example, in spite of adequate fertilizer and good management, the lack
of moisture in 1968 limited expression of the better treatments.
8
Table 2.—Forage yield of Pensacola bahiagrass in response to selected fertilizer
applications and yearly average
Applied, lbs/a
Forage
N P2O5 K2O lbs/a
u ftu u O A O A _
200 0 0 8,662 c
200 200 0 9,179 d
u y,/oz e
0 9on ft\J o^o 1 ao
0\j ftu 0,0/U D
ft
\j nftft orv> o,oo4 a
300 0 0 9,034 d
400 0 0 9,614 e
Year effects, average of all treatments
1967 12,609 d
1968 8,327 a
1969 9,441 b
1970 13,649 e
1971 11,151 c
Means with same letter in columns within groups significantly different at P < .05.
In grassland farming, seasonal distribution of forage produced may be as
important as the total amount of forage produced. The distribution of
bahiagrass produced through the season in response to applied N levels is
shown in Figure 1
.
Distribution of bahiagrass yield, with or without applied fertilizer, was
generally curvilinear. Yield peaked in July for the 200-pound N rate, and in
August for the 300- and 400-pound rates. The higher N rates delayed
seedhead production of the bahiagrass, a period when dry matter accumu-
lation is generally highest. Yields were lower at the end of the season than
at the beginning of the season for all N levels. Smaller differences were
noted throughout the season between the 300- and 400-pound N rates than
between the 200- and 300-pound rates.
The distribution in yield of the non-fertilized forage varied less through-
out the season than did that of the fertilized forage. These data indicate that
change in stocking rate over the season would be necessary to efficiently
utilize this grass as a grazing crop. An alternative would be to harvest
excess forage as hay.
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Nutrient Content
Crude Protein
Crude protein content in the bahiagrass responded consistently to level
of applied N throughout the season (Figure 2). There was a significant
increase in protein with increased levels of applied N. A sharp decrease in
protein occurred in May and June, with a gradual increase beginning in
early August. The slight but continuous increase in protein in the latter part
of the season was due in part to the fact that bahiagrass produces seedheads
most profusely in mid-summer and then becomes more vegetative as the
season progresses. There was about a 1 percentage unit increase in protein
over the season for each 100-pound increase in applied N above the
200-pound rate.
Protein content of the non-fertilized forage was consistently lower than
that of the fertilized forage, but the seasonal trends were similar. The
protein in the fertilized forage was generally not high enough to meet the
protein requirements of a beef cow with a calf at her side except in early
May.
Phosphorus
Phosphorus content in the forage was altered significantly by level of
applied P2O5 and by time within the season (Figure 3). The magnitude of
increases in phosphorus content were rather consistent among rates of
applied P2O5 throughout the season. A sharp decline in phosphorus content
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occurred in May followed by a gradual increase from mid-July to early
October. In mid-June only the non-fertilized forage had a phosphorus
content below that considered adequate to meet the needs of a beef cow and
calf. Annual applications of 100 pounds of P2O5 per acre meet phosphorus
requirements for forage production and ruminant nutrition.
Potassium
Potassium content in the bahiagrass forage throughout the season is
shown in Figure 4. Potassium content was consistently higher throughout
the season in response to higher rates of applied K2O; however, there was a
greater increase in potassium content when the applied K2O went from 100
to 200 pounds than when the rate went from 200 to 300 pounds per acre.
Following a sharp decline in May, there was a rather gradual decrease in
potassium content of the forage for the remainder of the season.
Potassium content of the non-fertilized forage was lower than that of the
fertilized forage throughout the entire season.
Little is known about the minimum requirement of potassium in forage
for ruminants. It has been suggested by the National Research Council that
a forage potassium level of 1 .2 percent be considered minimal. Forage that
received 100 pounds of K2O per acre was at or above the proposed
minimum until about mid-August. Potassium in the non-fertilized forage
was below the minimum throughout the season except in early May.
Figure 4.—Seasonal and mean effects of applied K2O on potassium content in bahia-
grass. Average of eight clippings per year over 5 years.
'Base line information only.
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Calcium
Increased rates of applied K2O had a significant effect on decreasing the
calcium content in bahiagrass (Figure 5). Seasonal effect was greater than
was the effect of K2O on the calcium content of the forage. The seasonal
distribution of calcium was curvilinear. Decline of calcium in the forage
during May was more rapid than was the increase over the remainder of the
season. Calcium content for the respective treatments was nearly as high at
the end of the season as at the beginning of the season. From mid-May to
mid-July the calcium content in the non-fertilized forage was essentially
the same as that in the forage that received 100 pounds of K2O.
Although not illustrated in a graph, applied N increased the calcium
content in the forage. The increase in calcium content with increased N was
approximately half the magnitude of the effect that applied K2O had on
decreasing calcium content.
Figure 5. — Seasonal and mean effects of applied K2O on calcium content in bahia-
grass. Average of eight clippings per year over 5 years.
'Base line information only.
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Magnesium
Magnesium content in the forage decreased significantly as K2O rates
were increased from 100 to 300 pounds per acre (Figure 6). Seasonal effect
on magnesium content with respect to applied K2O throughout the growing
period was generally similar. There was a general trend for the magnesium
content to decrease during the first half of the season, and then to increase
during the latter half of the season. Magnesium was higher in the fertilized
forage at the end of the season than at the beginning of the season.
There was no seasonal effect on magnesium content in the non-fertilized
forage.
Increased N rates elevated magnesium content, but to a lesser extent than
applied K2O lowered it.
Forage Quality
One of the more recent methods of estimating forage quality is a measure
of cell wall constituents (CWC). It represents the fibrous portion of plants
Figure 6.—Seasonal and mean effects of applied K2O on magnesium content in
bahiagrass. Average of eight clippings per year over 5 years,
^ase line information only.
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that is acted on by microflora in the rumen. It makes up the major portion of
plants, and generally, the higher the CWC in a forage the lower the quality
of that forage.
Effects of applied N on CWC of bahiagrass are shown in Figure 7.
Application of 400 pounds of N per acre resulted in a consistently lower
CWC than did either the 200- or 300-pound rates. The response ofCWC to
the two lower N rates was inconsistent over the season. The non-fertilized
forage was generally higher in CWC than were the fertilized forages. These
CWC values represent differences too small to be detected with animals.
CWC of the fertilized forage increased approximately 10 percentage
units from early May to late June. Thereafter, CWC declined gradually to
the end of the season. It is apparent from these data that the relative quality
of bahiagrass is highest in early spring. Excess forage produced in May
should be harvested as high quality hay. It appears that little can be done
through the use of fertilizer to alter the seasonal effect on CWC.
Acid Detergent Fiber
Acid detergent fiber (ADF) may represent a more realistic estimate of
forage fiber than crude fiber because lignin is included in ADF. Small but
significant differences in ADF among N levels were detected (Figure 8).
Figure 7.—Seasonal and mean effects of applied N on cell wall constituents (CWC)
content in bahiagrass. Average of eight clippings per year over 5 years,
^ase line information only.
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ADF values were consistently lowest at the 400-pound N rate throughout
the season.
Non-fertilized forage was higher in ADF than were the fertilized for-
ages. The major increase of ADF in the fertilized forages—above 5
percentage units—occurred in May and early June. There was an increase
of ADF in the non-fertilized forage from May to August. The trends for
CWC and ADF (Figures 7 and 8) were quite similar throughout the season.
On the average, over the season, ADF accounted for slightly more than half
of the CWC, with the difference being made up mainly by hemicellulose.
In Vitro Digestible Dry Matter
In vitro digestible dry matter (DDM) is generally regarded as a relative
measure of the nutritional value of a forage. DDM values, as affected by N
applications, are shown in Figure 9. Less than 1 percentage unit difference
was detected in DDM among N rates throughout most of the season. All the
fertilized forages decreased in DDM by about 12 percentage units from
May to July.
There was no apparent effect of time on DDM in the non-fertilized
forage. The DDM of the fertilized forages approximated that of the non-
fertilized forage from about mid-June to mid-August.
Figure 8.—Seasonal and mean effects of applied N on acid detergent fiber (ADF)
content in bahiagrass. Average of eight clippings per year over 5 years,
^ase line information only.
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Figure 9.—Seasonal and mean effects of applied N on in vitro digestible dry matter
(DDM) content in bahiagrass. Average of eight clippings per year over 5 years,
^ase line information only.
Plant Nutrient Removal
Nitrogen
A measure of nutrient removal by harvested forage aids in evaluating
treatment effects in a forage crop experiment. The nutrients reported are
expressed as pounds per acre in their respective elemental or oxide forms.
Nitrogen removal in the harvested forage of bahiagrass, as affected by
applications of N, P2O5, and K2O, is reported in Table 3 . Nitrogen removal
was increased by approximately 50 pounds per acre with each additional
100 pounds increase in applied N above the 200-pound rate. This trend was
fairly consistent for the N rates among the P2O5 rates but not among K2O
rates
There was a significant increase in N removal of an average of only 5
pounds per acre as applied P2O5 was increased from 100 to 300 pounds per
acre. ^ ,
Increasing the applied K2O from 100 to 200 and from 200 to 300 pounds
per acre increased average N removal by 10 and 6 pounds, respectively.
Nitrogen removal was increased with increased N and K2O rates applied.
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Table 3.—Mean effects of applied N, P2O5, and K2O on N removal in Pensacola
bahiagrass forage, 5-year average
P2O5, lbs/a
lbs/a 100 200 300 Avg:
- N removal, lbs/a
200 200 al 205 al 206 al 204 a
300 256 bl 255 bl 262 b2 258 b
400 296 cl 303 c2 302 c2 300 c
D K2O, lbs/aF2O5
lbs/a 100 200 300 Avg.
N removal, lbs/a
100 243 al 251 a2 258 a3 251 a
200 247 al 256 ab2 260 a2 254 ab
300 247 al 259 b2 263 a2 256 b
K 20 N ' lbs/a
lbs/a 200 300 400 Avg.
N removal, lbs/a
100 199 al 252 a2 285 a3 245 a
200 206 bl 257 a2 303 b3 255 b
300 206 bl 264 b2 312 c3 261 c
Means with same letter within columns or same number within rows do not differ significantly at P <
.05.
Phosphorus
Applications of applied N significantly increased P2O5 removal by the
forage (Table 4). There was a greater increase in P2O5 removal when
applied N was increased from 200 to 300 pounds per acre than when it was
increased from 300 to 400 pounds. More P2O5 was removed when 100
pounds of P2O5 was applied in combination with 400 pounds of N than
when 300 pounds of P2O5 was applied with 200 pounds of N.
The average effects of applied P2O5 on P2O5 removal were essentially
the same as that of applied N. This indicates that the applied N had as great
an influence on P2O5 removal as did applied P2O5, within the rates tested.
Applied K2O had little effect on P2O5 removal.
Potassium
Average K2O removal increased 34 and 14 pounds per acre, respec-
tively, as applied N increased from 200 to 300 and 400 pounds (Table 5).
The influence of applied P2O5 on K2O removal was statistically signifi-
cant but numerically small.
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Table 4.—Mean effects of applied N, P20 5/ and K2O on P2O5 removal in Pensacola
bahiagrass forage, 5-year average
P2O5, lbs/a
N
lbs/a 100 200 300 Avg.
200
300
400
67 al
78 bl
80 cl
73 a2
84 b2
88 c2
77 a3
90 b3
94 c3
72 a
84 b
87 c
P2O5
lbs/a
K2O, lbs/a
100 200 300 Avg.
100
200
300
74 al
80 bl
85 cl
75 a2
82 b2
88 c3
75 a2
82 b2
87 c2
75 a
82 b
87 c "
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
72 bl
74 cl
71 al
84 a2
85 b2
84 a2
84 a2
87 b3
90 c3
80 a
82 b
82 b
Means with same letter within columns or same number within rows do not differ significantly at P < .05.
Table 5. — Mean effects of applied N, P2O5, and K2O on K2O removal in Pensacola
bahiagrass forage, 5-year average
N
lbs/a
P20s, lbs/a
100 200 300 Avg.
200
300
400
186 al
220 bl
230 cl
189 a2
223 b2
242 c3
192 a3
227 b3
240 c2
189 a
223 b
237 c
P2O5
lbs/a
K2O lbs/a
100 200 300 Avg.
100
200
300
168 al
175 bl
174 bl
218 a2
226 b2
229 c2
249 a3
252 b3
256 c3
212 a
218 b
220 c
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
157 al
201 bl
210 cl
176 a3
232 b2
261 c2
174 a2
240 b3
287 c3
172 a
224 b
253 c
Means with same letter within columns or same number within rows do not differ significantly at P < .05.
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K2O removal increased by 52 and 29 pounds per acre, respectively, as
applied K2O was increased from 100 to 200 and 300 pounds per acre. The
magnitude of difference in K2O removal was greatest among K2O rates at
the 400-pound N rate.
Calcium
Calcium (Ca) removal increased with increased applied N (Table 6). The
average increase of Ca removal was 9 pounds per acre, approximately a 25
percent increase, as N applications increased from 200 to 400 pounds.
Applied P2O5 increased Ca removal by an average of one pound for each
100-pound increase in P2O5 over the 100-pound rate. However, Ca re-
moval was lowered by 1 pound with each 100-pound increase in applied
K 20. Applied N influenced Ca removal to a much greater extent than did
P2O5 or K2O applications.
Average Ca removal of 30 and 39 pounds per acre annually represents an
equivalent of 75 and 97 pounds of CaCOs, respectively.
Magnesium
Mean effects of applied N, P2O5, and K2O on magnesium (Mg) removal
were significant (Table 7).
Table 6. — Mean effects of applied N, P205/ and K2O on Ca removal in Pensacola
bahiagrass forage, 5-year average
N P2O5, lbs/a
lbs/a 100 200 300 Avg.
200
300
400
29 al
35 bl
38 cl
30 a2
35 bl
39 c2
31 a3
37 b2
40 c3
30 a
36 b
39 c
P2O5
K 20, !bs/a
lbs/a 100 300 300 Avg.
100
200
300
35 a3
36 b3
35 al
33 al
35 b2
37 c2
34 a2
34 al
35 bl
34 a
35 b
36 c
K2O N, lbs/a
lbs/a 200 300 400 Avg.
100
200
300
31 cl
30 bl
29 al
38 b2
35 a2
35 a2
40 b3
40 b3
39 a3
36 c
35 b
34 a
Means with same letter within columns or same number within rows do not differ significantly at P < .05.
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Mg removal was increased by 13 and 23 pounds when applied N was
increased from 200 to 300 and 400 pounds per acre, respectively.
Applied P2O5 increased Mg removal on an average of one pound for
each 100-pound increase of applied P2O5 above the 100-pound rate.
The effect of applied K2O on lowering the Mg removal was of approxi-
mately the same magnitude as the effect that applied N had on increasing
Mg removal.
Removal of 38 and 6 1 pounds ofMg represents the equivalent of 1 33 and
213 pounds of MgCOs, or 158 and 254 pounds of CaCOa, respectively.
Nutrient removal in the forage, when one or more of the three major
plant nutrients was not applied, is shown in Table 8.
Of the nine selected fertilizer combinations, applied N had an overall
greater effect on increasing nutrient removal than did applied P2O5 or K2O.
Nutrient removal in forage that received P2O5 and K2O, alone or in
combination, was essentially the same as that in the unfertilized forage.
There was considerable fluctuation in yearly nutrient removal as an
average of all 36 treatments.
Table 7. — Mean effects of applied N, P2O5, and K2O on Mg removal in Pensacola
bahiagrass forage, 3-year average
N
lbs/a
P2O5, lbs/a
100 200 300 Avg.
200
300
400
38 a2
52 b2
59 cl
Mg removal, lbs/a - -
37 al
52 b2
62 c2
38 a2
51 bl
63 c3
38 a
51 b
61 c
P2O5
lbs/a
K2O, lbs/a
100 200 300 Avg.
100
200
300
60 a3
61 b3
60 a3
Mg removal, lbs/a - -
47 a2
49 b2
49 b2
42 bl
40 al
43 cl
49 a
50 b
51 c
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
44 cl
37 bl
32 al
Mg removal, lbs/a - -
64 c2
48 b2
42 a2
73 c3
60 b3
51 a3
60 c
48 b
42 a
Means with same letter within columns or same number within rows do not differ significantly at P < .05.
21
Table 8.—Nutrient removal in Pensacola bahiagrass in response to selected fertilizer
applications
Applied, Ibs/o Nutrient remove 1, lbs/a
N P2O5 K20 N P2O5 K20 Ca Mg 1
0 0 0 55 ab 18 a 41 a 10 b 13 c
200 0 0 163 c 41 f 97 f 27 e 49 f
200 200 0 178 d 66 h 105 g 31 g 58 i
200 0 200 179 d 45 g 174 h 25 d 29 e
0 200 0 57 a 23 d 47 be 11 c 14 d
0 0 200 59 b 19 b 56 d 10 b 12 b
0 200 200 a 21 c 49 c 9 a 10 a
300 0 0 181 e 39 e 91 e 27 e g
400 0 0 201 f 41 f 98 f 28 f 53 h
Year effects, average of al treatments
1967 220 b 72 c 238 e 37 d
1968 173 a 53 a 125 a 28 b
1969 172 a 55 b 169 b 27 a 36 a
1970 288 d 92 e 212 d 36 c 57 c
1971 255 c 76 d 173 c 28 b 45 b
1 Three-year average.
Means with same letter in columns within groups are not significantly different at P < .05.
Efficiency of Utilization of Applied Nutrients
The removal of applied plant nutrients by the harvested forage is one
measure of the efficiency of utilization of applied nutrients, when both
forage yield and nutrient content are taken into account. Usually, the
efficiency of utilization of a nutrient is determined by comparing the
performance of the crop with and without that nutrient applied. Such
comparisons aid in an economic evaluation of fertilization for forage
production. Normally, a point is reached in forage production beyond
which, although yield may continue to increase, the efficiency of utiliza-
tion of the added nutrient decreases to the extent of being unprofitable.
The efficiency of utilization, expressed in percent, for each applied
nutrient was calculated by the use of the following formula:
Ra
~
Rna
x 100 =E
A
Where: Ra= pounds of plant nutrient removed by the forage with
that nutrient applied
Rna= pounds of plant nutrient removed by the forage without
that nutrient applied
A= pounds of plant nutrient applied
E= percent efficiency of utilization of the plant nutrient
applied
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Nitrogen Utilization
Utilization of applied N is shown in Table 9. Percentage utilization ofN
declined uniformly from 75 percent with 200 pounds of applied N to 61
percent with 400 pounds. Thus, 400 pounds of N per acre were 14 percent
less efficient than 200 pounds, and 7 percent less efficient than 300 pounds
of N. The decrease in N efficiency with increased rates of applied N was
consistent within the P2O5 rates tested.
Higher rates of P2O5 resulted in only a slight increase in the utilization of
applied N. These increases probably are not economically significant.
N utilization was increased 4 percent with the application of 200 pounds
ofK2O as compared to 100 pounds. Only 1 percent increase occurred when
K2O was increased from 200 to 300 pounds.
N utilization was maximized when 200 pounds of K2O was applied in
combination with 200 pounds of N. However, 300 pounds of K2O was
required for the highest utilization of both 300 and 400 pounds of N.
Phosphorus Utilization
Applied N exerted a considerable influence on the utilization of P2O5
(Table 10). As N rates were increased, utilization of P2O5 increased
consistently at all levels of applied P2O5. Highest utilization of P2O5
Table 9.—Mean effects of applied N, P2O5, and K2O on nitrogen utilization by
bahiagrass, 5-year average
P2O5, lbs/a
IN
lbs/a 100 200 300 Avg.
200
300
400
73
67
60
- - % Utilization of N - - -
75
67
62
76
69
62
75
68
61
P2O5
lbs/a
K2O, lbs/a
100 200 300 Avg.
100
200
300
64
66
66
- - % Utilization of N - - •
67
69
70
69
70
71
67
68
69
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
72
76
76
% Utilization of N - -
66
68
70
58
62
64
65
69
70
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among N rates occurred in combination with 100 pounds of applied P2O5.
However, P2O5 utilization was improved only slightly from additional N
above the 300-pound level.
Phosphorus was most efficiently utilized when 100 pounds of P2O5 was
applied per acre. A greater decline in utilization was observed when
applied P2O5 was increased from 100 to 200 pounds than when it was
increased from 200 to 300 pounds per acre. P2O5 applied at 300 pounds per
acre was utilized less than half as efficiently as when applied at the
100-pound rate.
Applied K2O had a rather modest effect on P2O5 utilization. The in-
crease of P2O5 utilization due to increased rates of K2O occurred mainly in
combination with the 200- and 400-pound rates of N.
Potassium Utilization
Increasing applied N from 200 to 400 pounds per acre increased the
average utilization ofK2O from 45 percent to 69 percent, or a total increase
of 24 percent (Table 11). The increase was greater when N was increased
from 200 to 300 pounds than when it was increased from 300 to 400 pounds
per acre.
An average four percent increase in K2O utilization resulted when
applied P2O5 was increased from 100 to 200 pounds per acre. Increasing
the P2O5 rate to 300 pounds did not increase the K2O utilization.
Table 10.—Mean effects of applied N, P2O5, and K2O on P2O5 utilization by
bahiagrass, 5-year average
N
lbs/a
P2O5, lbs/a
100 200 300 Avg.
- - % Utilization of P2O5 - -
200 22 14 10 15
300 33 20 15 23
400 35 21 16 24
P2O5
lbs/a
K2O, lbs/a
100 200 300 Avg.
- - % Utilization of P2O5 - -
100 29 30 31 30
200 17 19 19 18
300 13 15 14 14
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
- - % Utilization of P2O5 - -
100 15 23 22 20
200 17 23 23 21
300 22 22 27 24
24
An average decrease of 8 and 10 percent utilization of K2O occurred as
rates of applied K2O were increased from 100 to 200 and 300 pounds,
respectively. Utilization was lowest when 300 pounds of K2O was applied
in combination with 200 pounds of N. Highest utilization occurred with
100 pounds of K2O and 400 pounds of N.
These data in Tables 9, 10, and 1 1 reflect the extent to which nutrient
utilization can be altered , depending on both the rates and ratios of nutrients
applied.
Soil Analyses
Chemical analyses of soil samples taken annually provide a basis for
fertilizer recommendations. Improper rates or ratios of applied fertilizer
may result in either a depletion or accumulation of one or more nutrients.
The plant nutrients are reported as extractable parts per million in the soil
in their respective elemental forms. Only the applied nutrients that had
significant effects on soil analysis values are reported.
Phosphorus
Extractable phosphorus (P) values are reported in Table 12. Within
years, there was a rather consistent trend for extractable P to be lowered
Table 11.—Mean effects of applied N, P2O5, and K2O on the K2O utilization by
bahiagrass, 5-year average
N
lbs/a
P2O5, lbs/a
100 200 300 Avg.
200
300
400
42
61
65
% Utilization of K2O - -
47
61
72
46
65
70
45
62
69
P2O5
lbs/a
K20, lbs/a
100 200 300 Avg.
100
200
300
63
70
69
- % Utilization of K2O - -
57
60
61
48
49
50
56
60
60
K2O
lbs/a
N, lbs/a
200 300 400 Avg.
100
200
300
52
48
35
- % Utilization of K2O - -
71
63
52
79
67
61
67
59
49
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with increased rates of applied N. Extractable P generally increased among
years at all levels of N and P2O5 tested from 1967 through 1969. With the
exception of 1967, extractable P increased significantly each year with
each increase in applied P2O5 above the 100-pound rate.
Lexington silt loam soil test values of 10 to 35 ppm are characterized as
low, 35 to 70 as medium, and above 70 as high availability. Bahiagrass
utilized as a hay crop and receiving annual applications of 100 pounds of
P2O5 with adequate N and K2O maintained extractable P in the medium
range. Application of 200 pounds or more of P2O5 maintained the P in the
high range.
Potassium
Extractable potassium (K) was affected by rate of applied N, as indicated
in Table 13. Application of more than 200 pounds ofN annually decreased
the K in each of the 5 years. There was considerable variation in extractable
K within N rates among years.
Application of more than 100 pounds of K2O annually increased K
significantly for all 5 years. In 1971 , extractable K had declined to a level
characterized as very low in soil where 100 pounds of K2O had been
applied annually. Extractable K was within the low range in soils where
both 200 and 300 pounds of K2O had been applied annually. These data
indicate that as much as 300 pounds of K2O applied annually per acre,
under the conditions tested, will not maintain extractable K at a medium
Table 12.—Mean effects of applied N and P2O5 on extractable P in Pensacola
bahiagrass sod
N, lbs/a
Year 200 300 400
P, ppm
1967 46 ab 43 a 42 a
1968 58 b 54 b 50 a
1969 129 dc 122 cd 177 c
1970 135 e 126 de 120 cd
1971 127 dc 120 cd 111 c
P205/ lbs/a
Year 100 200 300
P, ppm
1967 35 a 45 b 51 b
1968 36 a 50 b 75 c
1969 68 c 120 d 181 e
1970 71 c 125 d 185 e
1971 54 b 118 d 186 e
Means with same letter do not differ significantly at P < .05.
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Table 13.—Mean effects of applied N and K2O on extractable K in Pensacola
bahiagrass sod
N, lbs/a
Year 200 300 400
98 e1967 111 e 102 e
1968 81 cd O/ DC 59 ab
1969 147 f 108 e 88 d
1970 109 e 86 d 73 c
1971 Q7 -Jo/ a 59 ab 52 a
K20, lbs/a
Year 100 200 300
125 f1967 86 d 100 e
1968 54 b 67 c 86 d
1969 69 c 116 f 158 h
1970 51 ab 82 d 135 g
1971 42 a 65 c 92 de
Means with same letter do not differ significantly at P < .05.
level. Possibly, a combination of high uptake of K by the forage, the
fixation of K by the soil, and some leaching of soluble K accounts for the
low levels of extractable K.
Calcium
Extractable calcium (Ca), as influenced by N rate, is shown in Table 14.
Extractable Ca generally increased at all N rates from 1967 through 1969.
There were significant decreases in Ca from 1969 through 1971. The
magnitude of decreases in Ca were larger as N rates were increased from
200 to 300 and 400 pounds per acre.
The removal of Ca by the harvested forage could account for probably 25
percent of the Ca removed from the 6-inch layer of soil tested. The single
Table 1 4.—Mean effects of applied N on extractable Ca in Pensacola bahiagrass sod
N, lbs/a
Year 200 300
Ca, ppm
1967 1,161 de 1,119 d 1,136 d
1968 1,290 g 1,222 ef 1,228 efg
1969 1,411 h 1,277 efg 1,224 efg
1970 1,148 d 1,071 c 1,020 be
1971 1,071 c 991 ab 936 a
Means with same letter do not differ significantly at P < .05.
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Table 1 5.—Mean effects of applied N on extractable Mg in Pensacola bahiagrass sod
Year
N, lbs/a
200 300 400
1967 345 e-h 333 d-f 343 e-h
1968 374 i 355 g-i 363 hi
1969 407 j 361 hi 352 f-h
1970 314 b-d 298 ab 284 a
1971 347 e-h 327 c-e 307 be
Means with same letter do not differ significantly at P < .05.
largest loss was possibly due to leaching.
An extractable Ca level of 1 ,000 ppm or less is rated as low. Levels of
from 1,000 to 1,300 are rated medium, and above 1,300 ppm are rated
high.
Magnesium
There was considerable variation of extractable magnesium (Mg) in
response to applied N (Table 15). No consistent trend of Mg levels
occurred over years within the N rates. However, after 1968 Mg decreased
with increased rates of N above 200 pounds per acre. In all cases extracta-
ble Mg values were in the high range.
Soil Reaction
Differences in soil reaction (pH) as related to rates of applied N were not
evident until 1969 (Table 16). Thereafter, pH decreased more rapidly as N
rates were increased from 200 through 400 pounds per acre. As an average,
there was a 0.2 decrease in pH with each additional 100-pound increase of
N over the last 3 years.
Possibly the applied limestone reacted and went into solution at a
sufficient rate the first 2 years to offset both the acidifying effects of applied
N and the losses of bases due to plant removal and leaching.
Table 16.—Mean effects of applied N on soil reaction in Pensacola bahiagrass sod
Year
N, lbs/a
200 300 400
pH
1967 7.0 i 7.0 i 7.0 i
1968 6.9 h 6.9 h 6.9 h
1969 6.8 g 6.6 f 6.4 e
1970 6.4 e 6.2 d 6.0 c
1971 6.2 d 5.9 b 5.7 a
Means with same letter do not differ significantly at P < .05.
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SUMMARY AND CONCLUSIONS
Significant dry forage yield increases of bahiagrass were obtained from
applications of up to 400 pounds ofN per acre and from up to 500 rounds of
bom P.O.- and K:0. Yield responses were greatest to applied X. followed
bv applied K:0 and P.O-. Yield increased from 10.691 pounds per acre at
the 200-pound X rate to 12.797 and 13.970 pounds with 300 and 400
pounds of X. respectively.
Yield increases from the application of more than 100 pounds ofPaOs do
not appear to be justified economically, although they are statistically
significant.
Yields increased by about 500 pounds per acre with each increase m
applied K:0 above the 100-pound rate. Fertilizer combinations that ap-
r eared to be most practical were: 100 pounds each of P:0= and K:0 with
either 200 or 300 pounds of X: 100 pounds of P:0- and 200 pounds of K:0
with 400 pounds of X. Forage yield without any applied fertilizer was
approximately 5.-00 pounds per acre.
Distribution ?i forage yield tnroughout tne season was not affected as
much by applieu phut nutrients as was total yield. Dry matter production
increased from May to late July and then declined until mid-October.
Forage production was slightly less at the end of the season than at tne
re ginning.
Crude protein content was increased by about 1 percentage unit, as an
average over the season, for each increase in applied X above the 200-
pound rate. Protein decreased approximately 6 percentage units from
approximately 19 percent to 15 percent i from May to late June but then
snowed a tendency to increase during the remainder of the season.
Phosphorus content of the forage was increased tnroughout the season
with increased rates of applied P:C> . Within the season, forage P declined
rapidly m May and June and then increased slightly until early October.
Potassium content of the forage was increased by higher rates of applieu
K:0. However. K content declined throughout the season regardless of
amount of K:0 applied.
Calcium and magnesium contents were lowered by applications of K;0.
and increased, to a lesser extent, by X applications. Both Ca and Mg
content ae creased in the early part of tne growing season and mcreaseu for
the remainder of the season.
Cell wall constituents. ADF. and in vitro DDM were affected onh
slightly by fertilizer treatments. CWC and ADF increased sharply in May
and June, with a tendency to decline thereafter. The decrease of about 12
percentage units in DDM from May to July coincides with the period that
bahiagrass produces seedheads most profusely.
Approximately 50 additional pounds of X were removed m the harvested
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forage with each 100-pound increase in applied N above the 200-pound
rate.
Removal of P2O5 was increased from 75 to 87 pounds as applied P2O5
was increased from 100 to 300 pounds per acre.
Removal of K2O was increased from 172 to 253 pounds as applied K2O
was increased from 100 to 300 pounds per acre.
Applied N had greater effects on calcium and magnesium removal than
did applied K2O. Increasing N rates from 200 to 400 pounds increased Ca
removal from 30 to 39 pounds and Mg from 38 to 61 pounds.
Utilization of applied N declined from 75 percent at the 200-pound rate
to 61 percent at the 400-pound rate. Applied P2O5 utilization dropped from
30 to 14 percent as the applied rates were increased from 100 to 300 pounds
per acre.
Average utilization of K2O decreased from 67 to 49 percent when
applied K2O was increased from 100 to 300 pounds per acre. However,
increasing N rates from 200 to 400 pounds increased K2O utilization from
45 to 69 percent.
Extractable P increased significantly the third, fourth, and fifth year in
response to P2O5 applications.
Increased rates of applied K2O increased significantly the levels of
extractable K. Extractable K was rated low in availability in plots that
received 300 pounds of K2O per acre after five continuous years of
cropping.
Extractable Ca and Mg were lowered more rapidly as N rates were
increased from 200 to 400 pounds. This negative relationship between
extractable Ca and Mg and applied N was most pronounced during the last
three years of the study.
Soil reaction (pH) was decreased numerically by 0.2 with each addi-
tional increase in applied N above the 200-pound rate each year beginning
in 1969 and continuing through 1971.
These data substantiate that forage yield, protein, and mineral contents
were altered significantly by varying both the rates and ratios of N, P2O5,
and K2O applied to bahiagrass. Also affected were amounts of nutrients
removed by harvested forage and efficiency of utilization of the applied
plant nutrients. Generally, seasonal effects altered seasonal distribution of
the various forage measurements more than did fertilizer treatments.
Bahiagrass forage of highest quality was produced in May and June.
Fertilizer application did not have any appreciable effect on the in vitro
measurements of forage quality.
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